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Research suggests that infants fed human milk from a bottle versus the breast may 
have higher	  weight	  gains	  in	  the	  first	  six	  to	  12	  months	  of	  life.	  The	  purpose	  of	  this	  
study	  was	  to	  determine if infants fed human milk directly from the breast differed in 
growth and adiposity measurements compared to those fed human milk from the bottle. 
Infant's weight, length, and tricep and subscapular skinfold thickness were measured at 
two, four, and six months of age. Mothers reported infant birth weight and length and 
completed monthly questionnaires on infant feeding practices (e.g., number of human 
milk feedings by bottle or breast per day, age of introduction to complementary foods, 
and infant bottle-emptying behavior). Infants were placed into two groups based on their 
reported mode of feeding at three months: Nursing Group (NG, n=15), infants fed 
predominantly at the breast with less than 25% of the daily feeds from a bottle and Bottle 
Group (BG, n=10), infants fed human milk from the bottle 25% or more of the daily 
feeds. Change in BMI z-scores from two to four months were significantly different 
between groups (NG=-0.16 ± 0.62 vs. BG=0.56 ± 0.99, p=0.03). Change in BMI z-scores 
from four to six months were no longer significantly different between groups (NG=0.32 
± 0.62 vs. BG=0.60 ± 0.65, p=0.3). Changes in skinfold thickness measures and z-scores 
were not statistically different between groups at any age. Weight gain velocity was 
compared to WHO weight velocity standards. Only three infants in each group exceeded 
the 75th percentile for weight gain velocity from two to four months, and two in each 
group from four to six months. The majority of parents reported those infants fed human 
milk from the bottle finished the bottle “most of the time” or “always.” None of the 
infants were introduced to complementary foods before four months. The results of this 
study suggest that bottle-feeding human milk may be related to differences in weight gain 
during two to four months. However, follow up for a longer time period with a larger 
sample size is necessary to fully investigate the relationship of bottle-feeding with infant 
growth. 
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CHAPTER I 
 
INTRODUCTION 
 
 
Rates of childhood obesity tripled from 1980 to 2004 1. Recent estimates of 
childhood obesity show that although rates currently remain stable, they are still high. 
The most recent National Health and Nutrition Examination Survey (2011-2012 
NHANES) reported that approximately 8% of infants and toddlers from birth to two 
years of age had a high weight-for-recumbent length (≥ 95th percentile). Approximately 
17% of children and adolescents ages two to 19 years were obese (≥ 95th percentile) 2. In 
2007 an expert committee on the evaluation and prevention of child and youth obesity 
recommended the use of weight-for-recumbent length greater than the 95th percentile to 
represent excess weight in children under two years of age 3. The negative health and 
economic consequences of childhood obesity have made prevention of childhood obesity 
an utmost concern to the United States 4-9. This is reflected in the Healthy People 2020 
initiatives to develop prevention strategies and reduce the proportion of children who are 
overweight or obese 10,11. 
 A relationship between rapid infant weight gain and later development of 
childhood obesity has been established suggesting that prevention of childhood obesity 
may begin as early as infancy 12,13. Many potential contributors to rapid infant weight 
gain have been suggested in previous research studies including genetic influences, 
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macronutrient differences between formula and human milk, bioactive components found 
in human milk (but not formula), and time of introduction of complementary foods 14-23.  
Large meta-analyses have established that breastfeeding is protective against 
development of childhood obesity 24-26. The Infant Feeding and Practices Study (IFPS) II 
reported a significant amount of mothers feeding human milk by bottle.  The survey 
reported that sixty-eight percent of breastfeeding mothers (with infants less than 4.5 
months old) had expressed milk, with 25% doing so on a regular schedule 27.  Reasons for 
this increase include more working mothers and increased availability of quality breast 
pumps 27-30. Feeding mode, that is at the breast or from a bottle, may act as a contributor 
to rapid infant weight gain. It is hypothesized that infants fed directly at the may breast 
have a better self-regulation of energy intake. Mothers of breast fed infants may be more 
aware of infants’ satiety cues and less concerned with the amount of milk an infant is 
consuming since they cannot physically see it; while mothers taking the time to pump and 
express milk may be more likely to encourage infants to finish the bottle and 
unknowingly disrupt the infants self regulation mechanism. Lastly, the physiological 
mechanism of feeding is different between breast and bottle, bottle fed infants do less 
work to get milk so they may be more likely to drink a larger volume. However, there is 
no evidence to support this hypothesis.   
There is very little research investigating the mode of infant feeding on infant 
growth. Bartok completed a small study of infants fed only human milk to assess the 
contribution of bottle-feeding as a risk factor for early accelerated growth and fatness 31. 
While the sample size was small, Bartok did find that 10% of nursing infants and 33% of 
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infants fed human milk by bottle exceeded the sex specific 85th percentile weight gain 
velocity for the four to six month age interval; however, this difference did not reach 
statistical significance (p=0.12). Weight gain velocity from zero to two and two to four 
month intervals were equivalent between groups.  
The IFPS II, a large survey of mothers, reported that among infants fed human 
milk only by both bottle and breast, monthly weight gain increased from 729 g when few 
feedings were by bottle, to 780 g when most feedings were by bottle 32. However, 
researchers did not state whether this association was significant or not. In addition, 
researchers considered bottle-emptying behavior as a form of self-regulation. They 
reported that regardless of bottle contents, infants who often emptied their bottles in early 
infancy had increased odds of having excess weight in late infancy compared to those 
who rarely emptied their bottles. Excess weight gain was defined as a weight-for-age z-
score >1 33.   
The current study (the Feeding and Infant Growth Study) is a longitudinal 
observational study designed to determine if infants fed human milk directly from the 
breast differed in growth and adiposity measurements compared to those fed human milk 
from the bottle. The Feeding and Infant Growth Study utilized a prospective study design 
and direct measurements of infant growth over time to avoid errors in maternal recall and 
reporting. It is unique in that it considered the mode of feeding human milk and the 
timing of introduction to solid foods, which have been shown to impact infant growth 
31,32,34,35. As indicated by the previous studies, the mode of milk delivery, direct 
breastfeeding versus bottle-feeding, may play an important role in infant self-regulation 
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and energy intake. The information gained from this study will advance the current 
research in the area of feeding and infant growth. 
Specific Aims 
The primary goal of the study was to examine the associations between feeding 
modes, bottle-emptying behaviors, and timing of complementary food introduction with 
infant growth during the first six months of life. The first specific aim was to determine if 
infants fed human milk directly from the breast differed in growth and adiposity 
measurements compared to those fed human milk from the bottle during the first six 
months of life. We evaluated several different measurements (weight gain velocity, 
change in BMI z-scores, and skinfold thickness). We hypothesized that infants bottle fed 
human milk would have a greater weight gain velocity, greater change in BMI z-scores 
and have higher skinfold thickness measurements, compared to infants fed directly from 
the breast. 
 Our secondary aim was to determine if infants with low bottle emptying behavior 
differed in growth and adiposity measures compared to infants with high bottle emptying 
behavior. First, infants fed primarily human milk by bottle (n=10) were divided into two 
groups: (1) high bottle-emptying behavior; (2) low bottle-emptying behavior. Infants that  
“never,” “rarely,” or “sometimes” empty the bottle were considered low-emptying, while 
infants that emptied the bottle “most of the time” or “always” were considered high-
emptying. We hypothesized that infants with high bottle-emptying behavior would have a 
greater weight gain velocity, greater change in BMI z-scores and have a higher skinfold 
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thickness than infants with low bottle-emptying behavior. Data on volume of bottles was 
also collected.  
The final aim was to determine if the age at which introduction to complementary 
foods occurs is related to infant growth during the first six months of life. We evaluated if 
infants introduced to complementary foods earlier (less than four months old) verses later 
(between four and six months old) differed in growth measures during the first six 
months of life. We hypothesized that infants introduced to complementary foods at an 
earlier age would have a greater weight gain velocity, greater change in BMI z-scores and 
have a higher skinfold thickness compared with infants introduced to complementary 
foods later.
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CHAPTER II 
 
REVIEW OF LITERATURE 
 
 
Prevalence of Childhood Obesity 
The prevalence of obesity among children is increasing in the United States and 
rates have tripled between 1980 to 2004 1 . The most recent National Health and Nutrition 
Examination Survey (2011-2012 NHANES) reported that approximately 8% of infants 
and toddlers from birth to two years of age had a high weight-for-recumbent length (≥ 
95th percentile). Approximately 17% of children and adolescents ages two to 19 years 
were obese (≥ 95th percentile) 2. 
Childhood obesity impacts the physical and mental health of the child, as well 
as the economic health of the nation. Obese children and adolescents are at an increased 
risk for cardiovascular  (hypercholesterolemia, dyslipidemia, hypertension) 4-8, endocrine 
(insulin resistance, type 2 diabetes) 36-39, pulmonary (asthma, obstructive sleep apnea 
syndrome) 40,41 and orthopedic problems 42,43.  Mental health consequences include low 
self-esteem, depression, and disturbed body image 44,45. Childhood obesity is also a risk 
factor for adult obesity 46. The resulting costs of treating childhood obesity are high. The 
Center for Disease Control (CDC) estimates the financial cost of pediatric obesity to be 
approximately three billion dollars annually, while Finklestein et al. estimated 147 billion 
dollars for obesity across all ages in 2008 9,47.  
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The guidelines for both the Department of Health and Human Services (DHSS) 
Healthy People initiatives (2010, 2020) and the American Academy of Pediatrics (AAP) 
reflect on the need for prevention strategies and a reduction in the proportion of children 
who are overweight or obese 10,11.  Research has indicated that the contributors of 
childhood obesity are complex and multidimensional 48, involving genetic, environmental 
and other factors 14-17. However, this study focuses on early infant feeding practices, a 
specific area that has been implicated to play a role in the development of childhood 
obesity.  
Childhood Obesity and Breastfeeding  
The American Academy of Pediatrics (AAP) recommends exclusive 
breastfeeding for at least the first six months of life 49,50. However, not all mothers follow 
this recommendation. The National Center for Chronic Disease Prevention and Health 
Promotion breastfeeding report, developed from the National Immunization Surveys of 
2013-14, shows that approximately 79% of infants begin breastfeeding, 49% were 
breastfed at six months, and only 27% were breastfed at 12 months. Only about 41% of 
mothers were exclusively breastfeeding at three months, with approximately 19% at six 
months 51.  Rates of breastfeeding are usually lower among minorities 52.  
Numerous studies investigating the association of breastfeeding with childhood 
obesity have been conducted between 1920 and 2004. Although the studies are primarily 
observational, their findings suggest protective attributes of breastfeeding on childhood 
obesity risks. Three meta-analyses related to breastfeeding and obesity have been 
published discussing the individual studies in detail 24-26. Arenz et al. analyzed data from 
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nine different studies  (from 1997-2003) with more than 69,000 participants 25. Arenz et 
al.’s meta-analysis had the most strict inclusion criteria in comparison with the other two 
meta-analyses 24,26. Included studies were required to include a population-based cohort, 
be a cross sectional, or a case control study. In addition, they had to adjust for at least 
three confounding variables, provide an odds ratio (OR) or relative risks, follow up with 
participants for five to 18 years, report feeding mode, and use one of three cutoffs of 
Body Mass Index (BMI) percentile as their definition of obesity (24). 
The Arenz et al.’s meta-analysis found that breastfeeding significantly reduced 
the risk of obesity in children with an adjusted odds ratio (AOR) of 0.78, (95% 
confidence interval (CI): 0.71, 0.85). The homogeneity results showed that there were no 
significant differences in study types, age groups, definition of breast-feeding or obesity, 
or number of confounding factors adjusted for.  In four 53-56 of the eight studies included 
that provided data on breastfeeding duration, a dose-dependent effect of breast-feeding 
duration on the prevalence of obesity was observed. Arenz et al. concluded that breast-
feeding has a small but consistent protective effect against obesity in children. Arenz et 
al. also noted that although all studies adjusted for at least three confounders, residual 
confounders might still limit the findings. However, three of the studies 53,55,57 controlled 
for six or more confounders, thus indicating that breastfeeding has protective effects on 
childhood obesity.  
In another meta-analysis, Owen et al. analyzed data from 61 different studies 
between 1970 and 2004 26.  The inclusion criteria was broader allowing for any definition 
of overweight and obesity, shorter follow up period (one to 16 years of age), and included 
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several different types of studies. In addition, reporting an odds ratio or controlling for 
covariates was not criteria for inclusion. The main analysis was conducted from 
calculated odds ratios (from reported prevalence rates of obesity in different feeding 
groups) as well as the odds ratio estimates provided by 28 (n= 298, 900) of the 61 studies. 
It was concluded that breastfeeding is associated with a decreased risk of childhood 
obesity compared to formula feeding with an odds ratio 0.87 (95% CI: 0.85– 0.89). A 
sub-analysis was performed on six of the studies 53,55,58-61 to control for confounders. 
Results from the sub-analysis still showed a reduced effect of breastfeeding on obesity 
with an odds ratio of 0.93 (95% CI: 0.88-0.99). In addition Owen et al. noted that another 
sub-analysis of four studies 54,62-64 where the initial group was defined as exclusive, there 
was a slightly greater protective effect with an odds ratio of 0.76 (95% CI: 0.70-0.83).   
Harder et al. analyzed the data from 17 studies between 1979 and 2003 24. The 
inclusion criteria required reporting an odds ratio with 95% CI data on duration of 
breastfeeding, and comparison of breastfed to exclusively formula-fed infants. They 
allowed for any definition of overweight and obesity and did not require an adjusted OR 
or control for covariates. In addition, the study allowed for a shorter follow up time than 
Arenz et al. (six months to 15 years). Similar to the other studies, Harder et al.’s meta-
analysis supports a protective effect of breastfeeding against childhood overweight and 
obesity. More specifically they found that the risk for being overweight was reduced by 
4% (odds ratio = 0.96/month breastfeeding, 95 percent CI: 0.94, .98) for each month of 
breastfeeding up to nine months. Harder et al.’s analysis is unique from the other meta-
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analyses in that it measured and analyzed duration of breastfeeding month by month to 
determine effect on childhood overweight.  
There are several limitations to the studies performed on obesity and 
breastfeeding, mainly related to their observational nature. In order to perform typical 
meta-analyses or to provide a causal effect, randomized studies are required. However, 
randomization of breastfeeding on an individual level is not ethical.  In addition, many of 
the studies used varying definitions of overweight and obesity, complicating the 
interpretation of the results. For example, some studies used  > 90th percentile for weight 
and age while other studies used  > 95th percentile for BMI to define childhood obesity. 
Some of the studies adjusted for confounders, while others did not. Lastly, the three 
meta-analyses were done during a similar time period and include overlapping studies, 
which may explain the similarity in results. The World Health Organization (WHO) 
performed an updated analysis which included studies from the three previous meta-
analyses and newer studies65.  Thirty-three studies were included and the results 
supported the protective effect of breastfeeding and overweight/obesity with an odds ratio 
of 0.78 (95% CI: 0.72-0.84).  
Sibling studies were not included in the meta-analyses. Sibling studies allow 
researchers to reduce bias due to environmental and genetic factors that are difficult to 
control for in other observational studies. Gillman et al. examined a sibling cohort to 
determine if duration of breastfeeding in sibling pairs (n=2372 participants) was 
associated with a reduced risk of being overweight (BMI > 85th percentile) in 
adolescence (9 -14 years old) 66. The study specifically looked at sibling pairs that were 
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discordant, excluding those pairs that breastfed for the same duration. On average, 
siblings who were breastfed for a longer duration were breastfed for 3.7 months longer 
than shorter duration siblings. The confounding variables that were controlled for 
included: birth weight, birth order, sex, Tanner stage, menarchal status, physical activity, 
and energy intake.  After adjustment for confounders, researchers observed a protective 
effect with an OR of 0.92 (95% CI = 0.76–1.11).  However, this study was limited 
because participants’ heights and weights were self-reported. A larger sibling sample size 
may be necessary to confirm results in the future studies 
Another sibling study by Nelson et al. examined whether breast-feeding exposure 
and duration were protective against adolescent overweight, using both traditional cohort 
analysis and a subset of siblings 67. Researchers hypothesized that obesity risk should be 
greater among sibling pairs fed differently compared with those fed similarly. The study 
results provided no evidence of breast-feeding effects on weight within discordant trends. 
However, this could be due to small sample size (the number of discordant sibling cases 
was only 112). The full cohort analysis did show an effect. This suggests the relationship 
between breastfeeding duration and future overweight and obesity may not be causal, but 
attributable to unmeasured confounders. It is important to note that although sibling 
studies reduce unmeasured confounding they also limit generalizability. For example, 
sibling pairs who are discordantly breastfed or discordantly overweight may not be 
representative of all US adolescents.  
In summary meta-analyses indicate a small protective effect of breastfeeding on 
obesity, however, a causal effect can only be suggested and not determined due to ethical 
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constraints on study design. The mechanisms behind this protective effect are unclear. 
Some researchers hypothesize it may be due to the physiological composition of breast 
milk 21,22. For example, appetite hormones present in breast milk may play a role in 
regulating intake 22. In addition, research has shown that formula contains a higher 
proportion of protein, which may lead to increased fat deposition in formula fed infants 
22,68.   
Childhood Obesity and Rapid Infant Weight Gain 
A relationship between rapid infant weight gain and later childhood obesity has 
been established. A meta-analysis of 10 cohort studies from US and European countries 
with a total of 47, 661 participants was published in 2011 12. Infant weight gain was 
calculated as change in weight standard deviation scores between birth and 12 months of 
age. Follow up of infants in childhood ranged from six to 14 years old.  The International 
Obesity Task Force (IOTF) criteria were used to define childhood obesity. The IOTF 
provides international BMI cut points by age and sex from two to 18 years of age. The 
cut points correspond to an adult BMI of 30. Infant weight gain was positively associated 
with subsequent childhood obesity risk. More specifically each one unit increase in 
standard deviation scores between birth and 12 months resulted in a two-fold higher risk 
of childhood obesity with an OR 1.97 (95% CI = 1.83 - 2.12). While this is a large well-
powered meta-analysis, the research was conducted across several decades from 1931 
and 1992, which may not be representative of the current world population. In addition 
the standard deviation scores were created from the British 1990 standard and not the 
World Health Organization (WHO) Multicenter Growth Reference Study (MGRS) group.  
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A recent study 13 observed 53 infants at birth and three times during infancy and 
childhood. At follow up between six and 11 years of age 30% of children were 
overweight or obese (≥ 85th percentile). More total rapid weight gain from zero to four 
months led to a two-folds odds ratio (1.98, 95% CI 1.05-3.74, p= 0.04) of overweight of 
obesity (≥ 85th percentile) at six to 11 years of age. Similar results were observed for 
infant weight gain from zero to eight months old. The results of this study confirm the 
findings of the Dreut et al 12. Infants who grow more rapidly in infancy are more likely to 
be overweight or obese in childhood.  There are many potential contributors to rapid 
infant weight gain that have been of interest to researchers including macronutrient 
differences between formula and human milk, bioactive components found in human 
milk, but not formula, and time of introduction of complementary foods 18,22,34,35,69,70. 
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Potential Contributors to Rapid Infant Weight Gain 
 
 
Figure 1. Potential Contributors to Rapid Infant Weight Gain 
 
 
 Description. There are several factors that contribute to rapid infant weight gain. 
This figure shows several potential contributors represented in research. Each one 
will be discussed in more detail below.  
 
 
Formula and the Protein Growth Hypothesis 
The relationship between the physiological composition of breast milk and the 
prevalence of childhood obesity has been investigated to some extent. The protein- 
growth hypothesis postulates that the protein content of the infant diet can act as an 
independent determinant of growth in infancy and later life.  The WHO and Food and 
Drug Administration (FDA) define recommended values for protein intake of infants in 
terms of a percentage of energy intake (protein energy percentage (PE%) 71. Human milk 
is approximately five PE%, with formula containing between seven and eight PE% 72.  
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Infants fed formula are exposed to higher concentrations of protein from birth which may 
explain why they tend to be significantly larger in length, weight, and weight-for-length 
than breastfed infants 23,72,73.  
This hypothesis is supported by multiple experimental and observational studies. 
Hester et al. did a meta-analysis of 20 observational studies comparing the macronutrient 
and energy content of breast milk with formula (49). Researchers systematically reviewed 
articles that assessed macronutrient and energy content as well as volume of intake by 
infants during the first month of life.  The results showed that formula contained higher 
protein and higher energy than breast milk. In addition, compared with breast fed infants, 
formula fed infants consumed a higher volume of milk 18. To determine volume of milk 
intake breast fed infants were weighed before and after feedings, while the bottles of 
formula fed infants were weighed before and after feedings. This may be because infants 
fed directly at the breast have a better sense of self-regulation. Mothers of breast fed 
infants may also be more aware of infants’ satiety cues and less concerned with the 
amount of milk an infant is consuming since they cannot physically see it. For example, a 
formula feeding mother may reintroduce the bottle several times after the infant has 
turned away in attempt to get her infant to finish the bottle. This may be because she 
wants to make sure her infant is eating enough to grow or sleep or perhaps she may not 
want to waste the expensive formula that has already been prepared. A breastfeeding 
mother may be more willing to trust that her infant is full when he/she comes off the 
breast. However, there is not evidence to support this hypothesis.  
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Escribano et al. performed a double blind, randomized, intervention trial during 
the first eight weeks of life 19. Infants were randomly assigned to a low protein (n= 24, 
1.25 g per 100 ml) or high protein formula (n = 17,1.6 g per 100 ml).  Both low protein 
and high protein formulas contained the same amount of calories. Researchers did not 
note if they were able to control for volume of formula consumed by infants. An 
observation group of breastfed infants (n= 25) were used as a reference. Anthropometric 
measurements of infants were taken at birth, six, 12, and 24 months old.  At six months 
old fat free mass (FFM) and fat mass (FM) was assessed using isotope dilution. They 
found that at six months old infants fed a higher protein formula had a higher weight, 
weight gain velocity, weight-for-length, and BMI compared to infants fed lower protein 
formula or breast milk.  Also at six months old, total fat mass (TFM), fat mass index 
(FMI), and fat mass z-score tended to be higher in the higher protein group as compared 
with the lower protein group, but it was not statistically significant. Linear regression 
provided continued support for the protein- growth hypothesis, FM at six months was 
strongly correlated with BMI at 6, 12 and 24 months 19.  
Koletzko et al. conducted another randomized clinical trial to determine if there 
was a relationship between protein intake during infancy and rapid infant weight gain in 
the first two years of life. Infants were randomly assigned a formula type: higher (n=322) 
or lower protein content (n=313) 20.  The higher protein formula contained 11.7% of 
energy from protein while the lower protein formula contained 7.6%. The two groups 
were compared to a breastfed reference group (n=298). Researchers collected three day 
weighed food records and anthropometric measurements including weight, length, 
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weight-for-length, and BMI at three, six, 12, and 24 months of age. Results indicated that 
intake of the higher protein formula was associated with increased growth in weight, but 
not length. Infants fed the high protein formula had significantly higher weight, weight-
for-length, and BMI as compared to infants on the lower protein formula or who 
breastfed. This relationship existed after the first six months of life and continued through 
12 and 24 months. At 24 months the adjusted z-score for weight-for-length of low protein 
infants was 0.20 lower than the high protein infants and did not differ from the breastfed 
reference group.  The results of this study suggest that higher protein intake in early 
infancy may impact risk of future overweight and obesity. However, research studies that 
follow infants beyond 24 months need to be conducted to see if this association persists 
in childhood.  
 More evidence from experimental studies is necessary to confirm the protein- 
growth hypothesis. A clear mechanism of action for how high protein in formula leads to 
increased growth has not been established. However, it has been suggested that the 
amount of protein in the early diet may impact growth through insulin and insulin-like 
growth factor-I (IGF-I). Intake of excess protein may stimulate the secretion of insulin 
and IGF, increasing growth and adipogenic activity 74. Research has shown that infants 
fed formula have higher serum levels of IGF-I when compared to breastfed infants 69,75 
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Bioactive Components of Human Milk 
Another potential mechanism by which human milk may reduce the risk of 
childhood obesity is its unique biological components not found in formula. It is well 
known that human milk contains immune factors transferred from mother to child. In 
addition, however, appetite hormones present in human milk are hypothesized to play a 
role in the regulation of infant growth, appetite in infancy, and programming later in life 
69. The components found in human milk that may influence appetite include: leptin, 
adiponectin, resistin, ghrelin, obestatin, GLP-1, peptide YY (PYY), and insulin 22,70,76,77. 
If appetite hormones present in human milk are transferred to breast fed infants they may 
impact satiety and self-regulation of infants. If this theory were correct formula fed 
infants who are not exposed to these appetite hormones during feedings would not be 
able to self-regulate in the same way and would be at higher risk for rapid infant weight 
gain.  However, research on these hormones in relation to infant growth and appetite are 
very limited and more research is needed to determine the role these components may 
play in infant feeding and growth. 
Introduction to Complementary Foods 
Rapid infant weight gain may be caused by factors other than milk type. Age at 
introduction to complementary foods is another area that has been studied in relation to 
infant growth. The American Academy of Pediatrics (AAP) recommends introduction of 
solid foods around six months of age 49.  Some studies have shown that early introduction 
of complementary foods (e.g., less than four months) has been positively associated with 
rate of weight gain during infancy, increased weight, or measures of adiposity in infants, 
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toddlers, and preschool age children 34,35,78. Since some studies do not show clear 
evidence, more research is necessary to determine the impact introduction of 
complementary foods has on growth.  
A study by Sloan et al. 34 found that early weaning was associated with rapid 
infant weight gain. The sample included 234 healthy term infants. Ninety-two infants 
(42%) were weaned before four months of age. Weaning was defined as introduction of 
foods other than breast milk, formula, or other drinks and included infant cereal added to 
bottles. Infants weight at birth, eight weeks, and seven months was taken from Child 
Health System administrative database. A study pediatrician weighed infants at 14 
months of age. Weight and weight gain z-scores of infants in the two weaning groups 
(infants weaned before 4 months or infants weaned at 4 months or after) were compared. 
Infants who were weaned early had significantly higher seven month weight z-scores and 
14 month weight z-scores (p=0.004) and a faster rate of weight gain between eight weeks 
and 14 months (p=0.003). Both groups had similar birth weights. The relationship 
continued to be significant after controlling for duration of breastfeeding. Another study 
79 found similar results as Sloan, but the difference in weight between the two groups was 
no longer significant at 18 months. 
A different study found no association of introduction to solids with infant growth 
Mehta et al. 80 investigated whether infants introduced to solid foods between three to 
four months of age would have a higher body composition at one year than infants 
introduced to solid foods at six months of age. Healthy term infants were recruited at 
three months and randomized to early (n=71) or late (n=76) introduction of solid foods. 
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Infant anthropometrics (weight, length, head circumference) and body composition was 
determined using dual energy x-ray absorptiometry at three, six, nine and 12 months of 
age. In addition, parents of infants completed three-day diet diaries at three, six, nine and 
12 months. Results indicated no differences in growth or body composition in infants 
introduced to solid foods early versus late during the first year of life. Also, the diet 
diaries revealed that there was no difference in total energy intake at any age between 
groups.  
These conflicting results indicate that more evidence is necessary to determine if 
timing of complementary feeding may truly influences infant growth. The many 
differences in study design may have impacted the findings. The Mehta et al. study was 
performed in the US as a randomized trial introducing solids to infants either between 
three and four months or at six months. Infants were measured directly by researchers at 
multiple time points. Also, interestingly all infants were white (to attempt to eliminate 
race as a confounding variable) and consumed formula after recruitment for the study at 
three months of age. The Sloan et al. study was performed in the United Kingdom as an 
observational study using data points from a database to collect the majority of 
measurements. Over half of the infants were breastfed until 4 months, which was 
controlled in the study results. The early weaning group included infants introduced to 
foods anytime before four months, rather then the set period of three to four months. It 
specified including cereal added to infant bottles, which was not discussed in the study by 
Mehta et al.  
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Bottle-feeding and Rapid Infant Weight Gain 
Breastfeeding is associated with a decreased risk for childhood obesity; however, 
the mechanisms behind this relationship are unclear. Recent research has identified 
bottle-feeding, independent of milk type (breast milk verses formula), as a potential 
predictor for rapid infant weight gain 31-33,81.  Bottle-fed infants may lack self-regulation 
that is developed from feeding directly at the breast leading to increased milk intake and 
potential rapid infant weight gain. This may be because the sucking mechanism differs 
between the breast and bottle. Milk flows more easily from a bottle requiring less work, 
so infants may more easily consume higher volumes of milk. Also, there are more 
opportunities for parents to encourage infants to empty bottles because they can 
physically see the milk that remains in the bottle. Breastfeeding mothers cannot see the 
volume of milk infants are consuming, so they may be more dependent on infant satiety 
cues. While these explanations are intriguing there is no evidence available to support 
them.  
Bartok performed a prospective pilot study observing the milk delivery method, 
and the growth and body composition of infants 31. Mother infant dyads were recruited to 
be part of the nursing group (NG; n=19) or the bottle-feeding human milk group (BG; 
n=18).  Mothers in the NG group limited bottle-feeding to one bottle per day of human 
milk or formula. BG mothers must have returned to work full-time by six months 
postpartum (or provided pumped milk for a similar amount of time per week). Infants 
were measured monthly for six months. At each lab visit, researchers assessed infant 
growth, body composition, and feeding mode. Visits were scheduled within one week of 
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the infant’s monthly “birthday.” Feeding mode was assessed by parent estimation of milk 
consumed in the past month (percentage that was human milk and percentage consumed 
at the breast versus the bottle). NG infants received more than 98% of human milk at the 
breast. In contrast, BG infants received a significant portion of human milk by bottle, 
22% at one month and 60% at six months. Body composition was measured at one, three, 
and six months using air-displacement plethysmography (Pea Pod, Life Measurement, 
Inc., Concord, CA). Researchers reported that 10% of NG infants and 33% of BG infants 
exceeded the sex specific 85th percentile weight gain velocity for the four to six month 
age interval; however, this difference did not reach statistical significance (p=0.12). 
Weight gain velocity from zero to two and two to four month intervals were equivalent 
between groups. While the sample size may be too small for statistically significant 
results, the study design is unique in that it allowed researchers to assess the contribution 
of bottle-feeding as a risk factor for early accelerated growth and fatness. This study is 
also the first published report of growth and body composition patterns in infants fed 
significant quantities of pumped breast milk.  
A large longitudinal study, titled the Infant Feeding and Practice Study II  (IFPS 
II), followed infants from birth to one year of age (2005-2007) and has published findings 
on the impact of bottle-feeding on infant growth 32,33,81,82. The FDA and the CDC 
conducted the study collaboratively 82. Data was collected through 10 postpartum surveys 
mailed over the first 12 months of the infant’s life. The IFPS II study reported 68% of the 
breastfeeding mothers of infants in this youngest age group (< 4.5 months) had expressed 
milk, with 43% having done so occasionally and 25% on a regular schedule. The most 
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frequently cited reason for expressing milk was to “get breast milk for someone else to 
feed their infant” 27,29. Limitations of this study include underrepresented ethnicities 
(black and Hispanic); therefore results may not be representative of the US population. 
Also, infant measures and behaviors were self-reported by mothers who may have 
reported incorrectly. 
Li et al. published results from IFPS II on the impact of feeding mode and type of 
milk used during early infancy on self-regulation during late infancy 81. Self regulation of 
milk intake was defined as whether or not infants emptied the milk in the bottle or cup 
offered to them in late infancy (six to 12 months old). Researchers hypothesized that 
infants (n=1250) bottle fed in early infancy, compared with direct breastfeeding, are more 
likely to empty the bottle or cup in late infancy.  They also hypothesized that use of a 
bottle, not the type of milk in the bottle, was more important in limiting infants’ ability to 
self-regulate milk intake. Results confirmed their hypotheses; 27% of infants fed 
exclusively from the breast in early infancy emptied the bottle or cup in late infancy as 
compared to 47% of infants who were fed from both the breast and bottle, and 67% of 
those who were bottle fed only.  Similar results were seen independent of milk type.  
Li et al. published a separate article on rapid infant weight gain from the IFPS II 
(n= 1899) 32. The purpose was to compare infant weight gain by both milk type (human 
vs. nonhuman milk) and feeding mode (breast vs. bottle). Researchers hypothesized that 
bottle-fed infants (regardless of milk type) would gain weight more rapidly than those fed 
at the breast during the first year. Results of the study supported the hypothesis that 
infants fed nonhuman milk only or human milk by bottle only, gained 71 g (p = 0.001) or 
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89 g (p = 0.02) more per month, respectively, when compared with infants fed directly at 
the breast. In addition, among infants fed human milk only by both bottle and breast, 
monthly weight gain increased from 729 g when few feedings were by bottle, to 780 g 
when most feedings were by bottle. However, researchers did not state whether this 
association was significant or not. To summarize, weight gain of infants was negatively 
associated with proportion of feedings directly at the breast, but positively associated 
with proportion of bottle-feedings among those who received mostly human milk. Li et 
al. concluded that bottle-feeding is distinct from feeding at the breast in its effect on 
infant weight gain.  
  Another article on the IFPS II investigated the association that bottle-emptying 
behaviors in early infancy has on risk of excess weight in late infancy (n=1896) 33. 
Researchers hypothesized that infants who often empty bottles, or are encouraged by 
mothers to empty bottles, will be at an increased risk for excess weight gain in late 
infancy.  Infant initiated bottle emptying and mother encouragement of bottle emptying 
were measured through mother’s response to questions on a Likert scale. Researchers 
found that regardless of bottle contents, infants who often emptied their bottles in early 
infancy had increased odds of having excess weight in late infancy compared to those 
who rarely emptied their bottles. Strangely, they also found that maternal encouragement 
of bottle emptying was negatively associated with infants’ risk for excess weight. Li et al. 
hypothesized that this may be because mothers who perceive (perhaps correctly) their 
child to be small for their age may be more likely to encourage bottle emptying. This 
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particular study was limited because bottle-emptying measures did not capture how much 
was in a typical bottle of formula or pumped milk.  
A retrospective study by DiSantis et al. evaluated the association between direct 
breastfeeding compared to bottle-feeding and subsequent child appetite regulation 
behaviors and growth 83. In this study, 109 children (three to six years of age) were 
retrospectively classified as directly breastfed, bottle-fed human milk, or bottle-fed 
formula in the first three months of life. Results from the Child Eating Behavior 
Questionnaire allowed researchers to evaluate three constructs related to appetite 
regulation that are associated with obesity risk:  satiety response, food responsiveness, 
and enjoyment of food. Children fed human milk in a bottle were 67% less likely to have 
high satiety responsiveness compared to directly breastfed children. There was no 
association of bottle-feeding (either human milk or formula) to young children’s food 
responsiveness or enjoyment of food. Weight status and growth trends from six to 36 
months were also examined, but there was no association between direct breastfeeding 
and current weight status or a clear difference between directly breastfed and bottle-fed 
children. More rapid infant changes in weight-for-age score were associated with lower 
satiety responsiveness, higher food responsiveness and higher enjoyment of food in later 
childhood.  
  In summary, there are very few studies that investigate the impact of bottle-
feeding human milk as a potential mechanism contributing to rapid infant weight gain. 
Bartok et al.’s small preliminary study showed that infants bottle fed human milk were 
more likely to experience rapid growth at four to six months than those that were nursed 
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at the breast only 31. While this study was well designed, a larger sample size may have 
been necessary for the results to reach statistical significance.  The IFPS II study, a large 
cohort study revealed infants fed directly at the breast are less likely to exhibit bottle-
emptying behavior in late infancy (self-regulation). In addition, analysis of IFPS II data 
indicated a negative association between weight gain and proportion of feedings directly 
at the breast and a positive association of weight gain with proportion of human milk 
bottle-feedings. Lastly, researchers found that regardless of bottle contents, infants who 
often emptied their bottles in early infancy had increased odds of having excess weight in 
late infancy compared to those who rarely emptied their bottles.  
Disantis et al.’s study showed that infants fed human milk by bottle had lower 
satiety scores, but there were no differences among groups concerning growth. These 
findings are limited by a small sample size and retrospective design relying on mother’s 
recall of feeding type. Further research addressing these gaps in the current research 
available is necessary to elucidate the relationship between bottle-feeding and infant 
growth
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CHAPTER III 
 
ARTICLE FOR PUBLICATION 
 
 
Rates of childhood obesity tripled from 1980 to 2004 1. The most recent National 
Health and Nutrition Examination Survey (2011-2012 NHANES) reported that 
approximately 8% of infants and toddlers from birth to two years of age had a high 
weight-for-recumbent length (≥ 95th percentile). Approximately 17% of children and 
adolescents ages two to 19 years were obese (≥ 95th percentile) 2. The negative health and 
economic consequences of childhood obesity have made prevention of childhood obesity 
an utmost concern to the United States (3-10). Recent studies have found that infants who 
grow more rapidly in infancy are more likely to be overweight or obese in childhood 12,13. 
For example a study by Koontz et al found that more total rapid weight gain from zero to 
four months led to a two-folds odds ratio (1.98, 95% CI 1.05-3.74, p= 0.04) of 
overweight of obesity (≥ 85th percentile) at six to 11 years of age.  
The relationship between rapid infant weight gain and childhood obesity suggests 
that prevention of childhood obesity could begin as early as infancy 12,13. Many potential 
contributors to rapid infant weight gain have been suggested in previous research studies, 
including macronutrient differences between formula and human milk, bioactive 
components found in human milk (but not formula), and time of introduction of 
complementary foods (13-20).  The recent IFPS II study found that mothers with infants 
less that four and a half months old are feeding infants a significant amount of pumped 
breast milk, with 68% ever pumping milk and 25% pumping milk regularly 27. With a 
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significant number of mothers feeding infants pumped human milk in a bottle, it is 
important to investigate the relationship between bottle-feeding and growth. It is 
hypothesized that bottle feeding could impact infant growth through disruption of infant 
self-regulation. Mothers of breast fed infants may be more aware of infants’ satiety cues 
and less concerned with the amount of milk an infant is consuming since they cannot 
physically see it; while mothers taking the time to pump and express milk may be more 
likely to encourage infants to finish the bottle and unknowingly disrupt the infant’s self-
regulation mechanism. Lastly, the physiological mechanism of feeding is different 
between breast and bottle; bottle fed infants do less work to get milk so they may be more 
likely to drink a larger volume.  
The mode of infant feeding has only recently begun to be investigated as a 
potential contributor to rapid infant weight gain. Only two studies have published results. 
A small pilot study indicated that infants that were predominately fed at breast and bottle 
grew similarly, but infants in the bottle fed group were more likely to exceed the 85th 
percentile for weight gain velocity between four and six months of age (p=0.12) 31. IFPS 
II study reported that infants fed human milk by bottle gained more weight per month 
when compared to breast fed infants (p=0.02) 32. They also found that infants that often 
emptied the bottle in early infancy were more likely to have excess weight gain in late 
infancy 33.  
In our study we observed infants fed human milk predominately at the breast or 
with the bottle. This allowed us to investigate the relationship that mode of feeding has 
on infant growth.  The purpose of the study was to determine if infants fed human milk 
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directly from the breast differed in growth and adiposity measurements compared to 
those fed human milk from the bottle during the first six months of life. We also 
considered other variables that may influence infant growth in the first six months of life. 
We evaluated infant bottle-emptying behavior and timing of introduction to 
complementary foods and how they related to infant growth and adiposity during the first 
six months of life.  
Methods 
Sample 
Sample size was estimated to be 64 participants per group, based on an a priori 
analysis with an effect size of 0.5 and power of 0.8. Participants were recruited by 
distributing flyers in local community centers and pediatricians’ offices. Researchers also 
made presentations to women in childbirth and infant feeding classes at Cone Health – 
Women’s Hospital Education Center. Researchers distributed flyers to each mother in the 
class as well as provided a brief description of the study, its purpose, and benefits.  The 
flyer contained the contact information of the primary investigator (PI). This study also 
used snowball recruiting. Participants referred friends who were interested in the study. 
Participants could also post an electronic version of the flyer on their Facebook page. See 
Appendix A for flyer.  
Screening questions were asked by the PI to ensure eligibility of the mother and 
her infant. Infants were required to be singletons, born at or after 35 weeks of gestation, 
weigh at least 5.5 pounds (thus excluding low birth weight infants), and not have any 
serious medical conditions that would impact growth (endocrine disorders, down 
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syndrome, cerebral palsy, cystic fibrosis, infections, heart defects, metabolic disorders, 
etc.). Mothers were required to be 18 years of age or older, English speaking, have no 
long-term medical conditions, and planned to feed their infant primarily human milk (< 4 
oz of formula/day). This study was approved by the Institutional Review Board at 
University of North Carolina at Greensboro (UNCG) and all participants gave written, 
informed consent. See Appendix B for consent form. Information on demographics, 
health of the mother and infant, employment and childcare were collected by 
questionnaires. See Appendix C.  
Research Design  
The study design consisted of direct anthropometric measurements and 
questionnaires. Home visits were scheduled at the participant’s convenience by phone or 
email. The participants were given the option to come to the Human Nutrition Laboratory 
if preferred. There were a total of four home visits: neonatal (less than two months), two 
months old, four months old, and six months old.  At the neonatal home visit, the PI, 
obtained consent from the mother and provided her the first infant feeding questionnaire. 
At the two, four, and six month home visits, a pair of researchers completed the 
anthropometric measurements with the mother and infant and collected the completed 
questionnaires from the mother. Home visits were scheduled within plus or minus one 
week of the infant’s monthly “birthday.” At these visits, researchers measured the 
following indices: infant’s weight, length, and skinfold thickness.  
 Mother’s were asked to complete six postnatal questionnaires on infant feeding 
(see Appendix C). Each questionnaire took approximately 20 minutes to complete. The 
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neonatal questionnaire was completed after consent at the first home visit. The five 
remaining questionnaires were mailed or given to the mother at home visits when the 
infant was two months, three months, four months, five months, and six months old. The 
questionnaires were mailed with a stamped return envelope. For infants recruited at two 
months old, the first and second month visits were combined.  
 Participants received up to four small gifts for their participation in the study. One 
gift was given after each home visit. The gifts included small family or baby items such 
as blankets, hats, bibs, or books.  The mother also received a booklet of her infant’s 
growth measurements upon completion of the study.  
 Participants were categorized into one of two groups based on reported feeding 
mode at three months of age: Nursing Group (NG), infants fed predominantly at the 
breast with less than 25 percent of the feeds from a bottle and Bottle Feeding Human 
Milk Group (BG), infants fed human milk from the bottle more than 25 percent of the 
feeds. All infants were fed human milk only. Occasional bottles of formula (< 4 oz/day) 
were allowed.  
Infant Feeding  
To determine infant feeding practices, questionnaires were adapted from the 
IFPS II 82. They included detailed questions on infant feeding, breastfeeding, pumping 
and expressing milk, termination of breastfeeding, and infant formula.  See Appendix C 
for questionnaires. Questions on infant feeding included age at introduction to 
complementary foods. In addition, a Likert scale was used to assess bottle-emptying 
behavior: “how often does your baby drink all of his cup or bottle of pumped milk?” 
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Mothers that responded “never,” “rarely,” or “sometimes” were categorized as low 
emptying. Those that responded “most of the time” or “always” were considered high 
emptying. In addition mothers reported the total volume of milk in the bottle. 
Anthropometrics  
Anthropometrics of the infant as well as the mother were measured at the two 
month, four month, and six month home visits. Mothers reported infant weight and length 
at birth. Measurements included mother’s height, weight and waist circumference and 
infant’s weight, length, and skinfold thickness. Procedures followed the WHO standard 
techniques 84,85. The PI was trained by C. Lovelady. Harpenden calipers were used for the 
skinfold measurement. Every effort was made to minimize discomfort. Researchers 
grasped skin gently and performed measurements quickly, stopping if the infant cried 
excessively or at the mother’s request. The PI performed all skinfold measurements for 
consistency and reliability.  
 Nude weight of infants was measured to the nearest gram using a calibrated high-
precision pediatric scale (Seca Medical Sales, Hamburg, Germany). Recumbent length of 
infants (diaper allowed) was measured to the nearest 1 mm using an infant measuring 
board (Perspective Enterprises, Portage, MI). One researcher held the infant’s head in 
contact with the headpiece in the Frankfort horizontal plane and the other aligned the 
infant’s trunk and legs, extended both legs and brought the foot piece firmly against the 
heel.  Mothers weight was measured using a calibrated digital adult scale (Tanita BWB-
800S, Arlington Heights, IL) and height was measured using a portable stadiometer. 
Mothers were weighed in light clothing without shoes. A Gulick tape was used to 
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measure mother’s waist circumference. The same equipment was used during all home 
visits including mothers and infants that opted for the visit to be at the Human Nutrition 
Lab rather than her home.  
Each measurement was duplicated for accuracy and a third measurement was 
taken if the first two measurements were discordant by more than 3%. Weight-for-length, 
subscapular and tricep skinfold thickness, and weight velocity data was compared to the 
WHO standardized growth charts 86. See Appendix D for anthropometric procedures.  
Statistical Analysis 
Data was analyzed utilizing the Statistical Package for Social Sciences (SPSS 
version 22). Differences between baseline characteristics and growth data were assessed 
using the Independent Student T-Test to determine statistical differences between the two 
groups (NG, BG). Weight velocity data was assessed using Fisher’s Exact Test to 
determine differences in the percentage of infants in NG and BG experiencing 
accelerated weight gain.  
The three main anthropometric outcomes included BMI, weight velocity, and 
tricep skinfold thickness. BMI and tricep skinfold thickness were entered into the WHO 
Anthro program for analysis and calculation of age and sex specific z-scores. Weight 
velocity for each two-month interval (zero to two, two to four, and four to six) was 
compared to the age and sex specific WHO charts 86. For the purposes of this study 
accelerated weight gain was defined as exceeding the 75th percentile (i.e. the top quartile) 
for sex-specific weight gain during the two-month interval between two and four and four 
and six months.  
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Results 
Participants 
Of the 27 mother-infant pairs that were recruited two pairs were removed from 
the final sample. One pair dropped out due to difficulty of completing study 
requirements.  The other pair’s data was eliminated because feeding mode transitioned to 
fully formula feeding at three months of age. The characteristics of mothers and infants 
are summarized in Table 1.  
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Table 1. Maternal and Infant Characteristics 
 
 Nursing Group 
n=15 
Bottle-feeding Group 
n=10 
Maternal Characteristics   
        Age (yr) 32.2 ± 3.5 32.4 ± 2.1 
        Education  
          (% with college or greater) 
100 100 
        Household Income  
          (% earning > $60,000/yr) 
73 100 
        Smoking (%) 0 0 
        Employment at 3 months (%)   
                 Full time (> 30 hr/wk)*  20 80 
                 Part time (< 30 hr/wk)* 67 20 
                  Not working (0 hr/wk) 13 0 
Infant Characteristics   
        Gender    
                Males  7 5 
                Females  8 5 
        Ethnicity/Race   
                White 12 8 
                Black  1 0 
                Hispanic 0 1 
                Other 2 1 
        Birth Weight (g) 3641 ± 570 3445 ± 439 
        Birth Length  (cm) 52.1 ± 2.3 52.4 ± 1.2 
*Significantly different between groups, p < 0.02 
 
 
Feeding Mode 
Each month, mothers reported infant feeding practices during the past seven days. 
They were asked the total number of human milk feedings per day (included direct breast 
feeds and bottle feeds). In addition, they were asked the total number of times infants 
received human milk in a bottle over the past seven days. Mother infant pairs were 
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grouped based on reported feeding mode at three months of age as previously described 
in the methods section. Fifteen infant mother pairs were categorized as NG (< 25% of 
feeds by bottle) and 10 were categorized as BG (≥ 25% of feeds by bottle).  Each month 
NG infants were fed more bottles per day on average compared to the BG infants; 
however, the difference between groups was not statistically significant. 
 
Table 2. Average Frequency of Feedings per Day by Month 
  
 Nursing Group 
n=15 
Bottle Feeding Group 
n=10 
1 month  10.7 10.0 
2 month  8.4 7.8 
3 month  7.9 7.0 
4 month  7.7 6.8 
5 month  7.6 7.2 
6 month  7.2 6.6 
No significant differences between groups  
 
 
Breastfeeding intensity during the first six months was also determined. It was 
defined as the total percent of feeds fed directly at the breast from zero to six months of 
age. To determine breastfeeding intensity, the total number of human milk feedings per 
day from zero to six months was summed. Similarly, the total human milk bottle feedings 
from zero to six months was summed. The number of total direct breastfeeds per day 
from zero to six months was determined by subtracting the human milk feedings by bottle 
per day from the total human milk feedings per day. Then the total number of direct 
breast feeds per day from zero to six months was divided by the total number of feedings 
(including formula, direct breast feeds, and human milk bottle feeds) per day from zero to 
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six months and multiplied by 100.  On average, NG infants were fed 91 percent of 
feedings directly at the breast (range: 82%-100%), with BG infants 65 percent (range: 
25% to 83%).  
Throughout the study only two infants’ diets in the study were supplemented with 
formula. The first infant in the BG group was given one bottle of formula per day at five 
and six months of age. Another infant in the BG group received one bottle of formula per 
day (for the night time feeding) from birth to four months of age and then had three 
bottles of formula per day at five and six months of age. 
Infant Growth 
Average gain in length and weight was similar in both groups. See Figures 2 and 
3. Table 3 summarizes the average weight gain and weight velocity. In comparison with 
the WHO weight velocity charts, 30% (n=3) of BG infants and 20% (n=3) of NG infants 
exceeded the sex-specific 75th percentile for weight gain velocity for the two to four 
month increment. Between the four to six month increment 13% (n=2) of BG infants and 
20% (n=2) of NG infants exceeded the sex-specific 75th percentile. Change in BMI z-
scores between two to four months were statistically different between groups, with BG 
infants having a greater change in growth (p=0.034). However, the change BMI z-scores 
between groups was no longer significant between the four and six month period. See 
Table 4. Infant subscapular and tricep skinfold thickness measurements and z-scores did 
not differ significantly between groups at any age. See Tables 4 and 5. 
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Figure 2. Weight of Infants by Month 
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Figure 3. Length of Infants by Month 
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Table 3. Average Infant Weight Gain and Number of Infants Exceeding the 75th                
Percentile for Weight Velocity by Month 
 
 Nursing 
Group 
n=15 
Bottle Feeding 
Group 
n=10 
Average Weight Gain (g)   
           0 – 2 months 1667 ± 478 1592 ± 354 
           2 – 4 months 1335 ± 315 1501 ± 288 
           4 – 6 months 892 ± 309 1026 ± 430 
           0 – 6 months 3895 ± 697 4119 ± 730 
Exceeded the 75th Percentile Weight Gain 
Velocity  
  
          0 – 2 months 2 (13%) 0 (0%) 
          2 – 4 months 3 (20%) 3 (30%) 
          4 – 6 months 2 (13%) 3 (30%) 
          0 – 6 months 0 (0%) 2 (20%) 
No significant differences between groups  
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Table 4. Infant BMI Z-score and Change in BMI Z-score by Month 
 
 Nursing Group 
n=15 
Bottle Feeding 
 Group 
n=10 
BMI z-score   
        0 months -0.07 ± 1.29 -0.76 ± 1.37 
        2 months -0.07 ± 1.14 -0.91 ± 1.18 
        4 months  -0.23 ± 0.79 -0.34 ± 0.78 
        6 months 0.10 ± 0.78 0.14 ± 0.77 
Change in BMI z-score   
        0 – 2 months -0.001 ± 1.39 -0.14 ± 1.42 
        2 – 4 months* -0.16 ± 0.62 0.56 ± 0.99 
        4 – 6 months 0.33 ± 0.62 0.48 ± 0.68 
        0 – 6 months  0.17 ± 1.21 0.90 ± 1.71 
*Significantly different between groups, p = 0.03 
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Table 5. Tricep and Subscapular Skinfold Thickness by Month Compared to the 
WHO Standards  
 
 Nursing Group 
n=15 
Bottle Feeding Group 
n=10 
WHO 50th 
percentile 
Tricep (mm) Male Female Male Female Male Female 
      2 months 8.9 ± 1.0 9.4 ± 1.5 9.6 ± 0.6 9.2 ± 1.9 ------ ------ 
      4 months 10.2 ± 1.5 10.3 ± 1.8 9.8 ± 1.5 12.2  ±1.7 9.6 9.6 
      6 months* 11.0 ± 1.7 11.0 ± 2.3 11.0 ± 1.6 12.6  ± 1.9 9.2 9.1 
Subscapular 
(mm) 
      
      2 months 7.9 ± 1.1 8.3 ± 1.3 7.7 ± 1.5 7.9  ± 1.3 ------ ------ 
      4 months 8.3 ± 1.1 8.3 ±1.6 7.5 ± 1.0 8.3  ± 1.2 7.5 7.5 
      6 months* 8.8 ± 0.7  8.3 ± 1.6 9.0 ± 1.2 8.4  ± 1.3 7.2 7.2 
No significant differences between groups 
 
 
Table 6. Tricep and Subscapular Skinfold Thickness Z-score by Month Compared 
to the WHO Standards 
 
  
 
Nursing Group 
n=15 
Bottle Feeding Group 
n=10 
Tricep z-score   
      4 months 0.32 ± 0.90 0.70 ± 1.03 
      6 months* 0.91 ± 1.00 1.28 ± 0.82 
Subscapular z-score   
      4 months 0.47 ± 0.88 0.19 ± 0.82 
      6 months* 0.92 ± 0.85 0.92 ± 0.73  
No significant differences between groups 
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Bottle Emptying Behavior 
Bottle-emptying behavior of infants in the BG group from zero to six months of 
age are summarized in Table 7. For each month the majority of BG mothers reported that 
infants emptied the bottle “most of the time” or “always.” None of the time points 
allowed for statistical comparison between the bottle-emptying behaviors on growth due 
to the small number of infants in each group. Most mothers filled bottles with three to 
four ounces of human milk per feeding. Only at five months old were some bottles filled 
with seven to eight ounces of human milk per feeding. See Table 8.  
 
Table 7. Bottle Emptying Behavior of BG Infants 
 2 months 3 months 4 months 5 months 6 months* 
High Bottle Emptying  6 10 8 9 9 
Low Bottle Emptying  4 0 2 1 0 
*Six month data does not total to 10 because one infant was not bottle fed due to winter 
vacation  
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Table 8. Volume of Milk in Bottles Fed to Infants by Month* 
 
 2 months 3 months 4 months 5 months 6 months 
1 – 2 ounces  1 1 0 0 0 
3 – 4 ounces  6 6 6 6 6 
5 – 6 ounces 
 
1 2 3 1 2 
7 – 8 ounces 0 0 0 2 0 
*Numbers do not add to 10 due to missing data or infants that had not received bottles 
before 3 months of age 
 
 
Complementary Feeding  
No infants were introduced to complementary foods before 4 months of age. One 
infant was introduced to complementary foods at four months of age, 11 at five months of 
age, and six at six months of age. Seven infants had not been introduced to foods by the 
six month questionnaire.  
Discussion  
Infant weight and length gain did not differ significantly at any age interval 
(Figure 2, 3, and Table 3). Weight gains were higher for BG infants than NG infants from 
two to four months, four to six months, and from zero to six months; however, the values 
were not statistically significant. These results are similar to the study by Bartok 31 which 
found that infants in the nursing group were significantly longer than the bottle feeding 
human milk infants, however, other than this difference infants grew similarly. However, 
IFPS II study found that infants fed human milk by bottle grew 89 grams more per month 
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than infants fed at the breast (p=0.02) 32.  Their larger sample size (n=1899) may have 
contributed to adequate power necessary to detect a significant difference with this small 
effect.   
While average weight and length measurements were not different, change in 
BMI z-scores (which account for infant gender) from two and four months were 
significantly different between groups. BG infants grew more rapidly than NG infants 
during this time point. However, during the age intervals zero to two months and four to 
six months this relationship was not significant. Differences between zero to two months 
may not have been seen because infant feeding modes did not differ greatly until most 
mothers returned to work between two and three months post partum. At four to six 
months NG infants had lower change in BMI z-scores when compared with BG infants, 
but the result was not longer significant with a p value of 0.2. This could be because of 
our small sample size. Bartok’s study 31 did not observe differences between BMI z-
scores between two and four months. Bartok did observe a lower BMI z score at one and 
two months, which she noted was due to nursing infants being longer than bottle feeding 
human milk infants at one and two months. Other differences were not observed 31. The 
IFPS II did not report BMI or BMI z-scores for infants 82. 
Weight gain velocity of infants was compared to the WHO standards. There was 
no difference between groups at any age of infants exceeding the 75th percentile. This 
differed from the Bartok study which found that infants in the four to six month period 
that were bottle fed were more likely to exceed the 85th percentile compared to nursing 
infants (p value=0.12) 31.  While the p value of 0.12 was not significant it was 
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approaching significance, which suggests that if the sample was larger the effect may 
become significant. It is also possible that the effect of bottle feeding human milk may 
just be too small to see a significant difference.   
There were no significant differences between body composition measurements at 
any age. This finding is similar to the study by Bartok that measured body composition 
using air-displacement plethysmography (Pea Pod, Life Measurement, Inc., Concord, 
CA) monthly from zero to six months 31,87. While a different methodology was used, both 
are validated techniques for collecting data on body composition and similar results were 
observed 87,88. Infant body composition in both BG and NG infants did not differ. Even 
when examining z-scores while controlling for gender, significant differences between 
were not observed. This may be because the sample sizes of both studies were too small 
to see an effect and also infants were only followed for six months. Analysis for a longer 
period of time, for 12 or 24 months may have resulted in body composition differences 
between groups.  
The majority of BG mothers reported that infants finished the bottle “most of the 
time” or  “always,” exhibiting high bottle emptying behavior. This was unlike the IFPS II 
which found two distinct groups of infants with high and low bottle emptying behavior 81. 
This was most likely due to their large sample size (n= 1250).  The IFPS II compared 
infant feeding mode in early infancy (direct breast feeding, bottle and breastfeeding, and 
only bottle feeding) to bottle emptying behavior and growth in late infancy. They found 
that infants fed by bottle in early infancy were more likely to empty the bottle in late 
infancy. In addition comparing only bottle fed infants those that often emptied the bottle 
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were 69% more likely to have excess weight gain in late infancy compared to those that 
rarely emptied the bottle 33. The IFPSI II study found that this relationship was seen 
regardless of the contents of the bottle. Their findings lend support the theory that bottle 
feeding may disrupt infant self-regulation. Our study sample needed to be larger and 
follow infants for a longer period of time in order to observe both low and high bottle 
emptying behavior and its subsequent effect. Following infants for longer a longer period 
of time would have allowed a comparison between early and late infancy.  
Unlike the IFPS II study we did ask mothers about the volume of milk fed to 
infants. Another reason infants emptied bottles “most of the time” or “always” could be 
because mothers kept bottle contents low. The majority of mothers reported filling bottles 
between three to four ounces from two to six months (Table 8). Thus, it is possible that 
mothers may have been trying to avoid wasting pumped breast milk by filling bottles less 
rather than encouraging infants to finish fuller bottles.  
The mothers in the current study were very similar in demographics and education 
to those in the Bartok study 31. The majority of mothers were highly educated, Caucasian, 
with household incomes greater than $60,000 annually. This may be why most mothers 
continued to breastfeed for sixth months and did not feed complementary food before 
four months of age which are trends observed in similar populations in previous studies 
34. Our sample was homogenous and therefore does not represent a broader population of 
mother-infant dyads.  
The NG group received an average of 91% of human milk feeds at the breast, 
while the infants in the BG group received approximately 65% of their human milk 
	   48	  
feedings at the breast. To see significant differences in growth, perhaps the difference in 
breastfeeding intensity needs to be greater between the two groups. Similar amounts were 
reported in Bartok’s study with infants in the predominately nursing group received 98% 
of milk at the breast and infants in the bottle feeding human milk group received 22% 
from the bottle at one month and more than 60% at six months 31.  Future studies with 
larger samples might divide groups similarly to the IFPS II study that looked at infants 
fed at the breast, breast and bottle, and fed by bottle only.  
Conclusion 
 This study did not find evidence that bottle feeding acts as an independent factor 
associated with rapid weight gain of infants. The strengths of the study include its design 
and direct anthropometric measurement of infants. But it is limited in power due to the 
small sample size.  Results indicate that infants in both groups grew similarly in weight, 
length, and skinfold thickness, except for the greater change in BMI z-score of infants in 
the BG group from two to four months. However, this effect did not continue from four 
to six months of age. It may be that the effect of bottle feeding on infant growth may be 
very small. Composition of milk may represent a bigger influence on infant growth when 
compared to mode of milk delivery. If this argument is supported in future research, it 
may be good news for working mothers trying to follow the current breastfeeding 
recommendations. However, a follow up study for a longer time period with a larger 
sample size is necessary to fully investigate the relationship of bottle-feeding with human 
milk and infant growth. 
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CHAPTER IV
 
EPILOGUE 
 
 
This study did not find evidence that bottle feeding acts as an independent factor 
associated with weight gain of infants. The strengths of the study include its design and 
direct measurements of infants. It is limited by low power due to the small sample size.  
Results indicate that infants in both groups grew similarly in weight, length, and skinfold 
thickness, except for the greater change in BMI z-score of infants in the BG group from 
two to four months of age. However, this effect did not continue from four to six months 
of age. It may be that the effect of bottle feeding on infant growth may be very small and 
difficult to detect.  
Recruitment for this study was slow and limited to only six months. I believe that 
this may be because mothers with young infants are very busy caring for their infants and 
also often work outside the home and have other children. This leaves little time for 
mothers to participate in studies. In addition, the incentive to participate included a 
summary of infant growth and small gifts of less than five dollars each for completing 
each home visit. Perhaps higher incentives would have encouraged a more diverse 
sample of mothers to participate. For example, most mothers recruited for the study were 
highly educated and interested in the information they would gain rather than the small 
baby gifts.  
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Our study design with home visits versus lab visits attempted to make the study as 
convenient for mothers as possible. Reflecting on recruitment we may have been able to 
include some visits in activities that mothers were already doing. For example, several 
mothers in our study attended a weekly breastfeeding support group. With IRB approval 
we may have been able to allow the option for monthly visits to be held at this location.  
Ideally we should have recruited numbers closer to the 64 per group 
recommended by the a priori analysis.  In the future, greater incentives, such as gift cards 
for participants to encourage more mothers to participate should be considered.  By 
recruiting more mothers and also recruiting from Women Infants and Children (WIC), a 
more representative sample of mothers and infants could have been recruited, including 
low socioeconomic status, multiple ethnic groups, and lower educated participants. 
Lastly, a larger sample would hopefully also allow analysis of growth of more types of 
infant feeding practices including not only direct breastfeeding and bottle feeding human 
milk, but also formula and infants fed a mix of formula and human milk.  
Infants were only followed for the first six months of life. In a future study, 
infants should be followed for twelve to twenty four months. In early infancy feeding 
habits are just being established and growth differences may not appear until later in 
infancy. I would also like to include questions on mother recognition of satiety cues in 
infants. The question adapted from the IFPS II study that we utilized to measure mother 
encouragement of infant feeding seemed to be confusing to mothers. Mothers sometimes 
inquired about the word “encouragement” as used in the question “How often is your 
baby encouraged to finish a bottle if he or she stops drinking before the pumped breast 
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milk is gone?” The response options included: never, rarely, sometimes, most of the time, 
or always. Mothers were not sure what was meant by “encouragement” and therefore 
could not accurately answer the question. In the future I would suggest defining mother 
encouragement by defining encouragement behaviors. For example, asking mothers the 
number of times they reintroduce the bottle or about recognition of satiety cues like 
turning head away or the sucking rate slowing.  
The results of this study and similar future studies could help elucidate whether 
mode of infant feeding significantly impacts rapid infant weight. This knowledge would 
be helpful because it could impact infant feeding recommendations to prevent rapid 
infant weight gain and future overweight and obesity and thus the risk factors that 
accompany it. However, if the growth measures of infants fed by different modes are not 
significant it may provide more support for bottle-feeding pumped milk as an option for 
working mothers instead of formula.  
While I had previous knowledge about research conducting the Feeding and 
Infant Growth study allowed me to learn about the intricacies of conducting a 
longitudinal observational study.  Before beginning I carefully planned each phase of the 
study. However, when I began to conduct the research I realized that my plan would 
require constant re-analysis, and adjustment for issues. For example, I had originally 
planned to include a formula and a mixed feeding group, but I was unable to recruit any 
mothers interested in the study that planned to feed their infant formula. This changed the 
outlook of the study. Also, recruitment was slow and I had to be creative and think of 
new ways to recruit participants. Developing good relationships with current participants 
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and asking them to share flyers with friends was the most effective strategy. Overall, I 
believe this experience has expanded my development as a researcher and as a future 
dietitian. 
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APPENDIX D 
 
PROCEDURES 
 
 
The study design consists of direct measurements and questionnaires. 
Home visits will be scheduled at the participant’s convenience by phone or email. The 
participant will be given the option to come to the Human Nutrition Lab if they prefer. If 
they come to the Human Nutrition Lab a parking pass will be provided.  
Consent/Neonatal Home Visit:  
1. Researcher arrives and introduces herself to the mother and/or other family 
members.  
2. Researcher goes over the consent process with the mother.  
3. If mother requires additional time to consent or refuses to consent then 
researchers will thank her for her time, schedule another home visit if appropriate, 
and then leave.  
4. If the mother consents, then the researcher will give the mother the neonatal 
questionnaire.  
5. After the mother completes the questionnaire, the researcher will collect it, give 
the mother the small gift for her participation, thank her for her participation, and 
then leave.  
 
Home Visits when infant is 2 months old, 4 months old, 6 months old, 9 months old, and 
12 months old:  
6. Researcher (s) arrive, introduce themselves, and set up equipment. Equipment 
includes a pan-type pediatric electric scale, recumbent length measuring board, 
infant skinfold thickness caliper, an adult electronic scale, and measuring tape   
7. Researcher will explain to the mother that she may stop or pause measurements at 
any time.   
8. Mother weight measurement procedure: 
a. Scale will be accurate to the nearest 100g and placed on a hard flat surface 
b. The scale will be calibrated  
c. Mother dressed in light clothing will be instructed to stand in the middle 
of the scale’s platform without touching anything and the body distributed 
on both feet 
d. The researcher will record the body weight noting the date and time.  
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e. A repeat measurement will be taken to ensure accuracy (weights should be 
within 100g or ¼ lb). If there is a discrepancy between the weights take a 
third measurement  
f. If necessary the scale will be recalibrated and measurements repeated.  
9. Mothers waist circumference measurement: 
a. Researcher will instruct the mother to stand with heels together and arms 
at her side. 
b.  Researcher will locate the top of the right iliac crest, the high point of the 
hip bone on the right side.  
c. A measuring tape will be places in a horizontal plane (parallel to the floor) 
around the abdomen at the level of the iliac crest.  
d. Researcher will ensure the take is snug, but not compressing the skin.  
e. The measurement will be recorded at the end of normal expiration.  
f. The measurement will be repeated for accuracy.  
10. Infant weight measurement procedure:  
a. Researcher will ask the mother to undress the infant and ensure diaper is 
dry.  
b. Scale will be accurate within 10g or ½ oz.  
c. Researcher or mother will place infant in the middle of the pan.  
d. 3 measurements will be taken and recorded 
e. If infant is moving excessively weighing will be deferred to a later time 
during the visit 
f. If infant is still too active to be measured researcher will ask the mother to 
stand on the adult scale holding the baby. The baby’s weight will be 
subtracted. 
g. Mother will be given time to redress infant if desired. Researcher will ask 
mother to leave infants socks and shoes off. 
11. Infant length measurement procedure:  
a. Infant will be placed on the measuring device. One researcher (or mother 
if only 1 researcher) will gently hold the infants head against the 
backboard, with the crown of the head securely against the headboard.  
b. Researcher will then ensure that the long axis of the infant’s body is 
aligned with the center line of the backboard, infant’s shoulders and 
buttocks securely touching the backboard, and the shoulders and hips at 
right angles to the long axis of the body 
c. The other researcher will gently straighten the legs of the infant against the 
backboard.  
d. Then the researcher slides the footboard against the bottom of the feet 
(without shoes or socks) with toes pointing upward.  
e. Length will be recorded to the nearest .1cm or 1/8  in. 
f. Measurement will be repeated.  
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g. If infant is moving or crying excessively measurement will be deferred to 
later in the visit.  
h. If infant is not cooperative at the later time a best estimate will be recorded 
with a note describing conditions.  
12. Infant skinfold thickness measurement procedure:  
a. Skinfold measurement is a quick and noninvasive way to estimate body 
fat. Before beginning researcher will explain the procedure to mothers. 
Researchers will explain that the infant may experience mild discomfort at 
the skinfold site, while the measurement is being taken due to the slight 
pinching required by the procedure. The researcher will reassure the 
mother that every effort that she will be gentle, measure quickly, and stop 
if infant cries excessively or the mother requests. If mothers seem unsure 
about the measurement researchers will show mothers what it feels like, so 
they can be reassured that their infant will not be in any pain. .  
b. All skinfold measurements will be taken on the right side of the infant’s 
body using the Harpenden caliper.  
c. Researcher will make a small mark with a washable marker at the skinfold 
site with permission from the mother.  
d. The 4 sites that will be measured include: tricep, bicep, subscapular, and 
suprailiac.  
e. The skinfold will be grasped by the researcher’s thumb and index finger of 
the left hand about 1 cm or ½ in. proximal to the skinfold site and pulled 
away from the body. The amount of tissue must be enough to form a fold 
with approximately parallel sides. The thicker the fat layer under the skin 
the wider the necessary fold.  
f. Researcher will hold the caliper in the right hand, perpendicular to the 
long axis of the skinfold and with the caliper’s dial facing up and easily 
readable.  
g. Caliper tips should be placed on the site and should be 1 cm or ½ in distal 
to the fingers holding the skinfold, so pressure from the fingers will not 
affect the measured value.  
h. The researcher will place the caliper arms on the skinfold one at a time. 
Being careful not to place the calipers too deeply or too close to the tip of 
the skinfold.  
i. Researcher will read the dial 4 seconds after the pressure from the 
measurer’s hand has been released on the level arm of the caliper. 
Readings will be recorded to the nearest 1mm.  
j. A minimum of two measurements will be taken at each site. 
Measurements will be at least 15 seconds apart to allow skinfold site to 
return to normal. If consecutive measurements vary by more than 1mm, 
more will be taken until there is consistency.  
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k. Measurer will maintain pressure with thumb and index finger throughout 
each measurement 
l. Averages of the measurements will be taken and entered into a regression 
equation for the percent body fat prediction 
m. If child is crying excessively researchers will pause or stop the procedure. 
Trying again once the infant has calmed down with the mothers 
permission.  
13. Researcher will ask mother if she has completed and mailed in the most recent 
questionnaire. If she has not completed the questionnaire the researcher will read 
the questions the mother and mark answers indicated by the mother.  
14. At the end of the visit the researcher will thank the mother for participating and 
give the mother and infant the small gift.  
Postnatal Questionnaires: 
Mothers will be asked to complete 10 postnatal questionnaires on infant feeding 
practices. The neonatal questionnaire will be completed after consent at the first home 
visit. The 9 remaining questionnaires will be mailed when the infant is approximately 2 
months, 3 months, 4 months, 5 months, 6 months, 7 months, 9 months, 10 months, and 
12 months old. The questionnaires will be mailed with a pre-paid return envelope.  
